Objective: To determine the efficacy of topical curcumin in reducing breast inflammation in women suffering from lactational mastitis. Methods: A randomized double-blind, placebo-controlled study including 63 breastfeeding women with lactational mastitis were randomly assigned to receive curcumin topical cream, one pump every 8 hours for 3 days (n=32) or topical moisturizer as placebo (n=31). Using an index for severity of breast inflammation, all of the patients had moderate breast inflammation before entering the study. The outcome of treatment was evaluated using the same index at 24, 48 and 72 hours of starting the treatment. Results: There was no significant difference between two study groups regarding the baseline characteristics such as age (p=0.361) and duration of lactation (p=0.551). After 72-hour of therapy, patients in curcumin groups had significantly lower rate of moderate (p=0.019) and mild (p=0.002) mastitis. Patients in curcumin group had significantly lower scores for tension (p<0.001), erythema (p<0.001) and pain (p<0.001), after 72-hour of treatment.
Introduction
Masti tis is known as an inflammatory condition involving the breast occurring in women of all ages. However, it affects the lactating women mostly and is known as lactational mastitis or puerperal mastitis. 1 It is estimated that up to 33% of women who are breastfeeding will develop lactational mastitis. 2 Regarding the underlying etiology, milk stasis plays a major role as the cause of mastitis. 1 In some cases, the condition is associated with infection, while in other cases sterile inflammation is the only underlying pathology. Ineffective sucking action of the infant along with other factors like restricted feeding can cause mastitis secondary to milk stasis. 3 According to the pathophysiology, efficient removal of milk from the affected breast is the key point of treatment. 4 Systemic antibiotics like cephalosporin, penicillin and dicloxacilline are usually prescribed in order to prevent possible bacterial infections. 2, 5 On the other hand, treating mastitis is best achieved through proper counseling and supportive therapy (bed rest, increased intake of fluids), symptomatic treatment (pain control, suppression of inflammation) and antibiotic therapy aside from effective milk removal. 5 In cases where patients received inappropriate or delayed treatment, complications of mastitis can occur such as, unnecessary cessation of breastfeeding, breast tissue injury, recurrence and breast abscess. 6 In addition, the inflammation of breast tissue in mastitis is a painful and frustrating experience making most of the breastfeeding women very ill. 7 Therefore, pain and inflammation control is an important part of the treatment, which should be started as soon as possible. 8 The reason for initiating inflammation control is that a painful breast could prevent the mother from performing effective milk removal or feeding the infant, which makes her more susceptible to the complications of mastitis. 9 Throughout the history, relieving inflammation has been achieved using herbal medications with good response rate in treating such conditions. Curcuminoids are well known and studied agents derived from the yellow-pigmented fraction of turmeric. Demethoxycurcumin (curcumin II), bisdemethoxycurcumin (curcumin III) and a recently discovered member cyclocurcumin are the major curcuminoids found in turmeric. 10 Traditionally, turmeric has been used with proper therapeutic responses throughout the East, 11 and extensively researched by modern science; its therapeutic effects are well documented. These effects include antioxidant, 12 anti-inflammatory, 13 anti-carcinogenic and antimicrobial, [14] [15] [16] thrombosuppressive, 17 myocardial protection 18 and anti-arthritic (i.e., as protection against rheumatoid arthritis). 19 Compared to Non-steroidal anti-inflammatory agents, the traditional therapeutic use of curcumin encompass favorable safety profile. By far, there have been no toxicities associated with the use of curcumin reported by either human or animal studies, even at very high doses. 20, 21 Considering the documented anti-inflammatory effects of turmeric along with its minimal side effects, 13, 22 it is hypothesized that the use of such herbal medication may help in reducing the inflammation of breast tissue in patients suffering from mastitis. Therefore, this study aims to assess anti-inflammatory effects of curcumin in preparations for topical use comparing to placebo in patients with lactational mastitis.
Methods
A randomized double-blind, placebo controlled clinical trial was performed in maternal care outpatient clinic of Hafez hospital, a tertiary mother and child healthcare center affiliated with Shiraz University of Medical Sciences, during a 1-year period from September 2012 to December 2013. The study protocol was approved by intuitional review board (IRB) of Shiraz University of Medical Sciences. The approval of the university medical ethics committee was also achieved before the study. All the participants provided their informed written consents before inclusion in the study. The trial was registered with the Iranian Clinical Trials Registry (IRCT2014051811375N4; www.irct.ir). A total number of 70 breastfeeding women between 21 and 35 years of age were referred to our clinics with impression of mastitis. As the term lactational mastitis is referred to a spectrum of clinical conditions ranging from mild breast inflammation to complicated infectious mastitis, an inflammation severity index was used to screen the patients for inclusion. 23 Women who had at least two of the following criteria were considered to have lactational mastitis: breast erythema, increased breast tension not relieved by breastfeeding, pain in the breast, flu-like symptoms (including fever >39°C) and lumps in the breast tissue. Those with milk staphylococcal count higher than 10 4 CFU/ml, and a milk leukocyte count higher than 10 6 CFU/ml were excluded. Moreover, women with breast abscess, breast engorgement, breast filling, blocked duct and galactocelle were excluded because such conditions can mimic clinical features of mastitis. Individuals who had a previous history of mastitis, recent trauma to the affected breast, breast surgery, inflammatory skin diseases and recurrent mastitis were considered ineligible for the study. Mothers who had taken systemic antibiotics in the recent 2 months were also dropped. Both mild and sever cases were excluded.
Individuals diagnosed with lactational mastitis were screened using the inflammation severity index which is reported as summation of three different scores (Erythema, Breast tension and Pain). The index is reported from 0 to 19. Values for the scales are represented in (Table 1) . Patients who scored 8-14 were considered to have moderate breast inflammation and were enrolled in the study. Those with score less than 8 were considered to have mild inflammation and individuals with score over 14 had severe inflammation of breast. Individuals in one group were treated with a topical curcumin cream as an anti-inflammatory agent (curcumin-treated group). The topical Curcumin Cream-200 mg per pump (Neurobiologix, Texas, USA) was administered according to the following method: patients were asked to apply one pump of the cream to the affected breast every 8 hours, course of treatment lasted 72 hours (3 days). On the other group, individuals were administered a topical moisturizer cream as the placebo (placebo group) and the treatment course was similar to the curcumin-treated group. Moreover, prior to randomization, all of the patients had been taught for effective milk removal for 24 hours as the standard first line of treatment. In order to obtain the values for breast tension, pain and erythema all of the participants were evaluated clinically by one expert staff nurse before starting the treatment. After treatment was initiated, patients were re-evaluated by the same staff nurse 3 times with intervals of 24 hours in order to record changes of inflammation severity index.
Sixty four breastfeeding women were randomized into two study groups using a computer-based random digit generator that is based on the registration number of the patients (the orders are referred). Study creams were allocated in separate packs blinded and labeled using a four-digit code. The information regarding which codes correspond to what treatment was maintained by the consulting statistician. Apart from the statistician, all of the staff including the nurse assigned and other coordinators was blinded to the treatment allocation.
In order to have 90% power to detect significant differences between clinical healing rate of mastitis, 28 patients were required in each study group (p<0.05, two-sided). To compensate for possible none valuable patients and those who would possibly exit the study, we enrolled 70 participants. The Statistical Package for Social Science, SPSS for Windows, version 16.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Paired t-tests were used to compare results within groups; independent t-tests were used to compare results between the groups; chi-square or Fisher' s exact tests were used to compare proportions and categorical variables. Repeated measure test was used to compare the trends in changes of tension, erythema and pain between two study groups. Data are reported as means ± SD. A two-sided p-value less than 0.05 was considered statistically significant.
Results
Out of the 70 patients assessed for eligibility, four did not meet the inclusion criteria and two individuals declined further participation. Thus, the final number of patients being randomized into two study groups was 64. Blinding failed for one of the patients allocated to receive and finally, 32 patients were enrolled in curcumin group while 31 individuals were enrolled in placebo group (Fig. 1 ). There was no significant difference between two study groups regarding the baseline characteristics such as age (29.56 ± 3.5 vs. 28.77 ± 3.26 years; p=0.361) and duration of lactation (3.22 ± 1.5 vs. 3.45 ± 1.56 months; p=0.551). Table 2 represents the changes in inflammation severity index of patients after the treatment course was finished (72 hours). In the curcumin group after 72 hours of treatment, 23 patients became free of mastitis, 8 patients with mild breast inflammation while only 1 individual maintained moderate breast inflammation. As soon as the treatment course was finished in the placebo group, 12 patients had been relieved of symptoms completely, 15 individuals had mild breast inflammation, while 4 mothers remained with moderate breast inflammation ( Table 2) . Table 3 compares the mean scores for tension, erythema and pain between two study groups. Comparing the mean scores of breast tension, pain and erythema gathered during the intervals of 24, 48 and 72 hours. After initiation of treatment in the curcumin group, results revealed the decreased score for breast tension that was greatly significant during the first 24 hours of treatment (p<0.001). Meanwhile, a significant reduction in the score for breast pain was detected during the second 24 hours of treatment (p<0.001) while erythema of the breast decreased significantly during the last 24 hours of treatment course (p=0.002). Patients in placebo group also experienced significant reduction in pain scores after 72 hours of therapy (p=0.043); however, patients in curcumin group had significantly lower scores for tension (p<0.001), erythema (p<0.001) and pain (p<0.001). 
Discussion
As mentioned earlier, the pain caused by inflammation of the breast tissue in case of mastitis is quite frustrating for the individual experiencing it. Thus, an important part of the treatment would be to reduce the inflammation, because if not controlled, it can influence a woman' s decision to cease breastfeeding. The main reasons cited for discontinuance of breastfeeding is because of lactational problems; in which mastitis is a significant and common complication. 24 It can contribute to early weaning in the first three weeks. 25 As breastfeeding is considered the most important route of feeding newborn especially in developing countries, 26 early detection and treatment of lactational mastitis is very importance.
In a current study, we found that topical preparation of curcumin provides favorable effects on pain, erythema and tension of the breast on those suffering from lactational mastitis. It is implicated that curcumin could potentially serve as an anti-inflammatory agent for controlling skin and soft tissue inflammations even at low doses with topical use. Although a number of studies have investigated the role of curcumin as an anti-inflammatory agent in different diseases, to our knowledge only a few number of studies have evaluated the potential of curcumin in controlling inflammation through skin topical preparations. Of these studies, one conducted by Kuttan et al showed that using an ethanol extract of turmeric ("Curcuma longa") as well as an ointment of curcumin (its active ingredient) remarkable symptomatic relief was observed in patients with external cancerous lesions. About 90% of the cases had reduction in smell and 100% had reduction in itching. A small number of patients (10%) had a reduction in lesion size and pain. Only 1 case out of 62 patients had an adverse reaction. 27 On the other hand, oral use of curcumin has been well studied by different researchers. Curcumin has been considered as an alternative treatment for reducing pain and inflammation in rheumatoid arthritis. In this regards, Chandran and Goel 19 demonstrated that administration of curcumin (500 mg) was associated with highest percentage of improvement in overall disease activity score, and the scores were significantly better than the patients in the diclofenac sodium group. No side effect was recorded in this study. 19 Conventionally, ibuprofen has been considered as the drug of choice for reducing pain and inflammation of breast in mastitis. Although only very small amounts of ibuprofen are excreted into breast milk and adverse events have not been reported in nursing infants, the drug still has significant cardiovascular, gastrointestinal, metabolic and CNS adverse effects for the mother. 28 Compared to ibuprofen, therapeutic use of curcumin provides extremely good safety profile. To date, no studies in either animals 20 or humans 21 have discovered any toxicity associated with the use of curcumin, 29, 30 and it is clear that curcumin is not toxic even at very high doses. Therefore, curcumin could be a safe alternative choice for individuals who are not able to take NSAID agents.
Although the results of our study indicate that curcumin usage is effective in controlling breast inflammation, its efficacy is not compared to routine non-steroidal anti-inflammatory agents. Moreover, systemic administration of curcumin may be associated with a better efficacy compared to its topical usage which remains to be the subject of further investigations. Overall, there were a number of limiting factors to our study which include small study population and the method of patient selection. It should also be mentioned that mastitis can be viewed as a continuum of disease, from non-infective inflammation of the breast to infection that may lead to abscess formation. Non-infectious mastitis and infectious mastitis are a part of this spectrum, which mainly diagnosed using breast milk cultures and bacterial colony counts of the breast milk. On the other hand, in RCT, Kvist J et al 23 found potentially pathogenic bacteria, at high levels in breast milk of both healthy individuals and women with lactational mastitis. Interestingly in this study, increasing bacterial counts did not affect the clinical manifestation of mastitis. Thus, bacterial counts in breast milk may be of limited value in the decision to treat with antibiotics, and results from bacterial culture of breast milk may be difficult to interpret. These results suggest that division of mastitis into infective and non-infective forms may not be practically feasible. Therefore, the method of patient selection for our study was to include individuals with an inflammation severity index of 8 to 14. This could be another limiting factor because patients whose scores were under 8 or over 14 were diagnosed with lactational mastitis but were not included.
Conclusion
The results of the current study indicate that topical preparation of curcumin successfully decrease the markers of lactational mastitis such as pain, breast tension and erythema within 72 hours of administration without side effects. Thus, topical preparation of curcumin could be safely administered to those suffering from lactational mastitis after excluding infectious etiologies.
